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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Identification of polymorphic site in DNA sequence of the amh gene  

All steps beginning with the PCR were repeated from the 96 individuals 

comprised 3 families including each dams and sires to carry the new allele. The amh 

gene length has 3096 bp with start codon AAC. Amh gene contains 7 exons that were 

divided by 6 introns but no splice form similar as amh gene structure in Poonlaphdecha 

et al. (2011). The sequences of the DNA fragments were trimmed and SNPs were 

trimmed and SNPs were manually identified using the program software suit 

DNASTAR Lasergene 6 (DNASTAR, Inc., Germany) compare with amh sequence 

reference accession no. EF512167. 

4.2 Anotation of the amh variants  

After sequencing, the anotation of the amh gene of three temperature-treated 

genetically female (XX) families (03,07and 10) of Nile tilapia showed three single 

nucleotide polymorphisms (SNPs). Each SNP has 2 types of genotype as homozygous 

and heterozygous (Figure 4.1). SNP1 (G>C) were located in exon 6, SNP2 (G>A) were 

located in intron, and SNP3 (C>T) were located in exon 7. The genotypes of SNP1 were 

GC, CC in family03, GG, GC, CC in family07 and GC, CC in family10. SNP2 

genotypes were AA, AG in family03, AA, AG, GG in family07 and AA, AG in 

family10. SNP3 phenotypes CC, CT in family03, CC, CT in family07 and CC in 

family10 in Table 4.1. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Poonlaphdecha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21178329
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Figure 4.1 The genotype of amh gene in Nile tilapia  

Table 4.1 Observed SNP genotypes in three temperature-treated genetically female 

(XX) families of Nile tilapia 

  

Position 

 

Family 03 

 

Family 07 

 

Family 10 

 

SNP1 

 

Exon 6 

 

G/C 

C/C 

 

G/G 

G/C 

C/C 

 

G/C 

C/C 

SNP2 Intron 6 A/A 

A/G 

A/A 

A/G 

G/G 

A/A 

A/G 

 

SNP3 Exon 7 C/C 

C/T 

C/C 

C/T 

C/C 

 

Heterozygous CC 

Homozygous GG 

Homozygousc GC 
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The nucleotide mutation of investigated SNP1 located at position 1899 (G>C)  

and SNP3 located at position 2708 (C>T)  might cause protein function change due to 

the substitution of amino acid from glutamine to glutamic acid (codons Gaa/Caa) and 

alanine to valine (codon gCg/gTg) (Figure 4.2, Table 4.2). Moreover, the mutations of 

investigated SNPs were located in exons 6, intron 6 and exon 7 and this results might 

associate with the difference between male and female Nile tilapia. However, the 

functional roles of the identified SNPs remain to be elucidated. 

 

Table 4.2 The genotypes, codon change and position of three SNPs. 

 

SNP  

 

Allele 

 

Position 

 

Codon change 

 

Position  

(in cDNA) 

 

SNP1 

 

G/C 

 

Exon 6 

 

ggC/ggG 

 

1899 

 

SNP2 

 

A/G 

 

Intron 6 

 

- 

 

- 

 

SNP3 

 

C/T 

 

Exon 7 

 

gCg/gTg 

 

2708 
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Figure 4.2 Nucleotide sequences of Nile tilapia amh gene from accession no. 

EF512167.1 (Source: http://www.ncbi.nlm.nih.gov/). 

 

 

       

 

 

     1321 aaaagcatct tgattggtga aaaatcagga agtaacatca gcatgagtcc acttctactt 

     1381 ttctccggcg gaacgggaac tgatacgagg tcagcccggc tttctttctg ctgatattca 

     1441 ctgtcatcag agacgcgctc agctttggtt tttatttttg ctttcccaga tgtgcttcag 

     1501 gctcgccccc ggcatctctg caaacctcct tcctttgtga gatgaaacgc ttcctgggtg 

     1561 ctgttctccc tcaggaacac ttcacgtccc ctccacttcc tctggactcc ttacagtctc 

     1621 tgcctcccct ctcgcttggc ttatcctcca gcgagaccct gctggcagta atgatcaact 

     1681 ccacagctcc cacagtcttt ggcttcacga gctggggctc cgtgttgccg gtgtgccacg 

     1741 gagagctggc cctgtctgct gcactgttag aggagctcag acagagactg gaccagactt 

     1801 tggtgcaaat gacagaaata atcagagagg aagaggtttc actgggagcc aaggagagcc 

 

 

                                                  SNP1(Gaa/Caa)  

 

 

     1861 tggggaggct caaagaactg agtgcgttac aggagaaaga acatgccaca ggtgacatgt 

     1921 gcaagaacag ttacagttac ataggaagca tgtttttttt taaatgaaac aacaccctgc 

     1981 agcacggtcg ggtgcatgta agtatcccgc tgcagctttc agctcccagc tttaggagat 

     2041 gttgggtgga gggagtggcc acggattctc taaaccccat ttataacagg ccttacagtc 

 

 

 

                                                     SNP2(G>A) 

 

     2101 aaaggtttat gggccgaaaa cagtaatcat gctgcagact gtctgttcag ttctacagcg 

     2161 gtcccagtga cctatgagtt cagattattt taagtcttgt gcacaaacag attcccatta 

     2221 ttcaaatttt aaaagttctg aagtcggcag attaaaaaaa taaataaatt agatctcatt 

     2281 catcaaaaaa ctaaaaacct gcatgtgaaa tatttagata gatatcagca gatgtcttta 

     2341 agaaaactaa tcatgtgagt gtgtgtgagc ttggctgacg ttcaaaaagg cttcgtttct 

     2401 attattatat catttgctgt tttgtcagtg gtaaaatttg ggtctatatt acccactgac 

     2461 ctttgacata tatagatgag caactatatt aaatttaatt ttattagatt ttgttatttt 

     2521 gtcattttcc tctgctgtgt tcatcagttt atcagctcca cagactctac aaactggact 

     2581 cgtttcactt ttgctttttg cttagcgtga atttgtcgtc acactctaaa ggtcacgtat 

     2641 atccctttta agtgctgcat gtgttttctt tctgcgtccg ccaggaggga gtcagttccg 

 

 

 

                     SNP3(gTg/gCg) 

 

 

 

     2701 tgtgtttctt ctgctgaagg ctctgcagac ggtggcccaa acgtacgacg cgcaaagaaa 

     2761 actgcgggcc accagagcag accccagttc gtcagtgagg ggcggcgtct gtgggctgaa 

     2821 ggctctcacc gtgtccctga caaagcttct tgtcggccca agcagcgcaa acattaacaa 

 

      

http://www.ncbi.nlm.nih.gov/
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4.3 SNPs genotype frequencies 

In Figure 4.3 showed the SNPs genotype frequencies in temperature-treated 

genetically female (XX) families of Nile tilapia. The SNPs genotypes effect to sex 

phenotypes divided to male and female. Genotypes CC of SNP1 showed the highest 

genotype frequency of 67.3 % in male but in female (CC) was lower (32.7%).  In SNP2, 

Genotype AA of 67.3% frequency was higher than female (32.7%). In SNP3, genotype 

frequency (CC) in male was 61.9% more than female genotype (38.1%). In addition, the 

other genotype frequencies of three SNPs as GC, GG in SNP1, GA, GG in SNP2 and 

CT, TT in SNP3 also described. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) 

a) 
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Figure 4.3  The percentage frequencies of sex phenotype of temperature-treated Nile 

tilapia are represented by graph, red line showed sex genotype of females 

fish and blue line showed sex phenotype of males fish a) SNP1 sex 

genotype frequency b) SNP2 sex genotype frequency and c) SNP3 sex 

genotype frequency. 

4.4 Association between SNPs and sex phenotype  

 The chi-square analysis was used as the statistic program to determine the 

interaction between 3 SNPs and sex phenotype. The results of chi-square analysis of 

SNP1, SNP2 and SNP3 were 0.007, 0.018 and 0.010, respectively (P<0.05). The results 

indicated that the genotype frequencies in 3 SNPs of temperature-treated Nile tilapia 

had  significantly association with the sex phenotype. The results were showed in Table 

4.3 

 

 

 

 

 

b) 

c) 
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Table 4.3 The effect of three SNPs genotype frequencies and their interaction on the 

sex phenotype of temperature- treated Nile tilapia  

  

Population 

(N) 

 

Genotype frequencies 

 

Chi-square 

 

P-value 

(95%) 

 Male Female 

 

 

  

67.3 (CC) 

 

32.7 (CC) 

 

 

 

 

SNP1 93 41.0 (GC) 59.0 (GC) 0.007 <0.05 

 

 

 85.7 (GG) 14.3 (GG)   

  67.3 (AA) 32.7 (AA)   

SNP2 93 41.0 (GA) 59.0 (GA) 0.018 <0.05 

 

 

 85.7 (GG) 14.3 (GG)   

  61.9 (CC) 38.1 (CC)   

SNP3 93 33.3 (CT) 66.7 (CT) 0.010 <0.05 

  0.0  (TT) 0.0 (TT)   
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4.5 Linkage disequilibrium (LD) 

The 3 SNPs (SNP2, SNP2 and SNP3) segregating were investigated in haplotypes 

correlation as Linkage disequilibrium (LD) of 93 individuals include their parents.  The 

LD was calculated in r2-value by comparing two SNPs. The results showed that SNP1 

and SNP2 were full linkage disequilibrium (LD) (0.9996).  The LD between SNP1 and 

SNP3 as well as SNP2 and SNP3 showed equal of 0.54 in r2-value (Table 4.4). In 

addition, the SNP2 (intron6) was not considered as the potentially causal SNP due to the 

position of SNP2 was in non-coding region. However, the role of r2-value from 0.5-1.0 

could indicate the association between comparing of 2 or more then 2 factors. 

Therefore, in 3 SNPs especially SNP1 which had the r2value 0.54 and full LD (~1) had 

the association between each as haplotype and it could be the cause of sex 

differentiation in temperature-treated Nile tilapia  

Table 4.4 The analysis of linkage disequilibrium (LD) in amh gene detected in 

temperature-treated genetically all-female (XX) Nile tilapia  

  

Popula- 

tion (N) 

 

Disequilibrium 

coefficient (D) 

 

Normalized 

disequilibrium 

coefficient (D’) 

 

Coefficient of 

determination 

(R2-Value) 

 

LD (SNP1,SNP2) 

 

93 

 

0.2036 

 

0.9996 

 

0.9996 

 

LD (SNP1, SNP3) 

 

93 

 

0.0895 

 

0.7765 

 

0.5394 

 

LD (SNP2,SNP3) 

 

93 

 

0.0895 

 

0.7765 

 

0.5394 


